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Fabricating a set of semiconducting nanowires, and electric device comprising a set of 
nanowiies 



The invention relates to a method of and an apparatas for &bricating a set of 
semiconducting nanowires having a desired wire diameter. 

The invention further relates to an electric device coniprising a set of 



nanowires. 



US-Al -2002/0, 130,3 11 discloses an embodiment of a method of fabricating a 
set of semiconducting nanowires having a desired wire diameter. Nanowires are quasi one- 
dimensional conductors or semiconductors. They extend along a longitudinal axis and have a 

10 wire length along this longitudinal axis from hundred nanometers or below to several 

micrometers or even longer. Perpendicular to the longitudinal axis the nanowires have a wire 
diameter, which leads to quantum confinement effects described below and which is smaller 
than typically a few hundred nanometers. The wire diameter may be below 100 nm and may 
range, e.g., between 2 and 20 or 50 nm. Due to the relatively small dimensions perpendicular 

15 to the longitudinal axis charge carriers such as electrons and holes are confined perpendicular 
to the longitudinal axis, i.e. in a radial direction. As a consequence the charge carriers have 
discrete quantum mechanical energy levels, which are determined by the wire diameter. In 
contrast to this, due to the relatively large dimension along the longitudinal axis, the charge 
carriers are not confined in discrete quantum mechanical energy levels as fixnction of the wire 

20 length. 

In the known method GaP nanowires are grown by a laser catalytic growth 
(LCG) process, i.e. the Ga and P reactants are generated by laser ablation of a solid GaP 
target. The GaP target comprises a relatively small amount of gold, which serves as a catalyst 
for the nanowire growth. The diameter of the nanowires thus obtamed is relatively poorly 
25 defined. Alternatively, the target may be free of the catalyst and the reactants may be directed 
into a nanowire structure by gold nanocluster catalysis. To this end, catalyst nanoclusters, 
also called nanodots, supported by a Si02 substrate may be used. The reactants and the gold 
nanodots produce nanowires via a vapor-hquid-solid (VLS) growth mechanism. For growing 
wires having the desired diameter, nanodots having a size, which is similar to the desired 
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wire diameter, are used. The nanoAvires grown in this way have on average a wire diameter, 
which is determined by the average size of the nanodots. 

It is a disadvantage of the known method that the wire diameter is not well 
controlled, i.e. often at least one of the nanowires does not have the desired wire diameter. In 
the known method nanodots havmg a size, which is similar to the desired wire, diameter and 
which are supported by a substrate are required. When erroneously one or more nanodots 
havmg a wrong diameter are used, one or more nanowires having a wire diameter different 
from the desired wire diameter are obtained. Moreover, it may happen that during the YLS 
growth, which requires relatively high temperatures, one or more of the nanodots detach firom 
the substrate and cluster with one or more other nanodots. From the resulting cluster of 
nanodots a nanowire is grown whose wire diameter is determined by the size of the cluster of 
the nanodots rather than by the size of a single nanodots, yielding a nanowire with a wire 
diameter, which is larger than the desired wire diameter. In order to reduce and ideally 
prevent this unwanted clustering the density of the catalyst nanoparticles and thus of the 
nanowires has to be relatively low. 

It is an object of the invention to provide a method of fabricating a set of 
semiconducting nanowires in which the wire diameter is relatively well controlled. 

The invention is defined by the independent claims. The dqpendent claims 
define advantageous embodiments. 

According to the invention this object is realized in that the method comprises 
the steps of providing a set of pre-fabricated semiconducting nanowires, at least one pre- 
fabricated semiconducting nanowire having a wire diameter larger than the desired wire 
diameter, and reducing the wire diameter of the at least one pre-fabricated nanowire by 
etohing, the etehing being induced by electromagnetic radiation which is absorbed by the at 
least one pre-fabricated nanowire, a minimum wavelength of the electromagnetic radiation 
being chosen such that the absorption of the at Irast one pre-&bricated nanowire being 
significantiy reduced when the at least one pre-fabricated nanowire riches the desired wire 
diameter. 

In order to reduce the wire diameter of the at least one pre-fabricated 
semiconducting nanowire having a wire diameter larger than the desired wire diameter, the 
set of pre-fabricated semiconducting nanowires is subjected to an etch treatment induced by 
electromagnetic radiation. The etch treatment induced by electromagnetic radiation, which is 
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known, e.g., from US-4,5 18,456, is a method in which a semiconducting object to be etched 
is placed in an, e.g. aqueous, solution of, e.g., H3PO4 or HCl. While the object is in contact 
with the solution, the parts of the object to be etched are illuminated by electromagnetic 
radiation. The electromagnetic radiation may be visible or invisible to the human eye and is 
5 referred to in the remainder of this application simply as "light". The light is at least partly 
absorbed by the object to be etched, thereby generating electrons and holes. These light 
generated charge carriers, i.e. the electrons and/or the holes, then difbse and induce chemical 
reactions at the interface between the object and the solution. In the course of these chemical 
reactions, which are in tiie art also referred to as photo etching, atoms of the nanowire may be 

10 ionized and dissolved in the solution. The ionization of these atoms may be induced by the 
light generated charge carriers such as e.g. the holes. The process of dissolving the ions thus 
generated may involve the combination of these ions with ions in title solution. These latter 
ions may be induced by the light generated charge carriers such as e.g. the electrons. For InP 
in a Fluorine comprising solution six holes may form In^^ and P^^ ions out of InP. These 

15 positive ions may combine with negative Fluorine ions F' that may be formed by a reaction 
F2+2 electrons resulting in 2 F". Similar processes known in the art may be used for other 

nanowire compositions. 

In this application the term "semiconducting" describes the class of materials 
in which electron hole pairs may be generated by light to induce etching, e.g. in the way 

20 described above. If not stated dififerentiy, in the remainder of the apphcation the term 
"nanowire" inaplies a semiconducting nanowire. 

As described above, the etching requires the absorption of light by the pre- 
fabricated nanowire. Due to Ibe quantum mechanical confinement tiie quantum mechanical 
energy levels available to the electrons and holes generated by the light depend on the wire 

25 diameter. As the wire diameter is reduced, tiie spacing between the levels, i.e. tihe spacing 
between tbe conduction band and the valence band, also referred to as the bandgap, is 
increased and, correspondingly, a larger energy is required to generate an electron hole pair. 

When light having a given wavelength X is used, there is a certain wire 
diameter at which the energy of a photon is no longer sufficient to generate an eleclxort-hole 

30 pair. As a consequence the etching efficiency is largely reduced. The etching process 

effectively stops, i.e. the etch treatment is self-terminating. By choosing the spectrum of the 
Ught, and in particular the shortest wavelength, in the remainder referred to as the minimum 
wavelength of the spectrum, appropriately, it may be achieved that the etch treatment is self- 
terminating when the at least one pre-fabricated nanowire has the desired wire diameter. Due 
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to this self-temimation the wire diameter is relatively well controlled in the obtained set of 
semiconducting nanowires. The method has the additional advantage that the wire diameter is 
not dependent on the size of the nanodots used in the known method to control the wire 
diameter. Therefore, after etching the nanowires according to the invention, the size of the 
nanodots is not critical and incidental clustering of the nanodots does not result in nanowires 
having a wire diameter larger than the desired wire diameter. 

Each desired wire diameter corresponds to a certain wavelength the value of 
which depends on the chemical composition of the nanowires. In general it holds that for a 
smaller wire diameter a shorter wavelength of the Ught is required. Instead of light having a 
single wavelength, light comprising several spectral components each having different 
wavelengths may be used, provided that the shortest wavelength corresponds to the desired 
wire diameter. In other words, a spectrum of the light is chosen such that the absorption of 
the at least one pre-fabricated nanowire is significantly reduced when the at least one pre- 
fabricated nanowire reaches the desired wire diameter. 

For nanowires the quantum mechanical energy levels available to the electrons 
and holes generated by the light do not depend on the wire length, as discussed above. 
Therefore, the method according to the invention works for all nanowires independent of 
their wire length. 

From the article "Etching of colloidal InP nanocrystals with fluorides: 
photochemical nature of the process resulting in high photoluminescence efficiency" by D. 
Talapin et al., Joumal of Physical Chemistry B, 2002, volume 106, page 12659-12663, it is 
known that nanodots having a size of 5.2 nm or less can be etched. According to this article 
the etching is induced by light that is absorbed by the nanodots. The spectrum of the light is 
chosen such that the absorption of the nanodots is significantly reduced when the nanodots 
reach the desired size. 

For nanodots the quantum mechanical energy levels available to the electrons 
and holes generated by the Ught depend on the size of the nanodots, i.e. on the dimensions in 
all three directions. In contrast, the method according to the invention is independent from 
one of the three dimensions, i.e. from the wire length. Therefore, the method according to the 
article by Talapin does not work for all nanowires independent of their wire length. 

The provided pre-fabricated nanowires may be obtained by any known method 
for manu&cturing nanowires such as the LCG or the VLS method. Alternatively, the 
nanowires may be obtained e.g. by etching them from a single crystal. 
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The pre-fabricated nanowires may be attached to a substrate, they may be 
dispersed in a liquid solution or they may be laying loosely on a substrate. 

The set of nanowires may comprise one or more nanowires. 
The desired wire diameter may be one diameter or, when the set of nanowires 
5 comprises more than one nanowire, it may be a number of wire diameters for the respective 
nanowires. 

The set of nanowires may comprise a selection of the nanowires comprised on 

a substrate or in a solution. 

The nanowires may be of a homogeneous composition, i.e. Ihey may have the 

10 same chemical composition as function of the wire diameter and the wire length. 

Alternatively, some or all nanowires may be of a heterogeneous composition, i.e. they may 
have a chemical composition which is a function of the wire diameter and/or the wire length. 
The chemical composition may be changed due to doping of the semiconducting nanowire, 
which depends on the wire diameter and/or the wire length. 

15 In this application the term ''nanowire" describes both nanowires with a soUd 

core and nanowires with a hollow core. The latter are also referred to in the art as nanotubes. 
Also in the latter type of nanowires charge carriers such as electrons and holes are confined 
perpendicular to the longitudinal axis, i.e. in a radial direction, due to the relatively small 
dimensions perpendicular to the longitudinal axis. As a consequence the charge carriers have 

20 discrete quantum mechanical energy levels, which are determined mainly by the thickness of 
the core defining this type of nanowire. Due to the relatively large dimension along the 
longitudinal axis, the charge carriers are not confined in discrete quantum mechanical energy 
levels as function of the wire length, analogous to the nanowires having a soUd core. When 
the nanowire has a hoUow core, the wire diameter refers to the thickness of the core. The 

25 thickness of the core is the difference between the outer wire diameter and the inner wire 
diameter, i.e. the diameter of the hollow part. 

In an embodiment a radiation source is used which emits the electromagnetic 
radiation inducing the etching and in addition to this also electromagnetic mdiation having a 
wavelength shorter than the miniminn wavelength. The electromagnetic radiation emitted by 

30 the radiation source is spectrally filtered for substantially reducing electromagnetic radiation 
having a wavelength shorter than the minimum wavelength. This latter electromagnetic 
radiation having a wavelength shorter than the minimum wavelength is able to induce etching 
of the pre-fabricated semiconducting nanowires having the desired wire diameter, i.e. it has a 
wavelength which is shorter than the wavelength at which the etching process terminates at 
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the desired wire diameter. Prior to directing the electromagnetic radiation onto the pre- 
fabricated nanowires, the electromagnetic radiation emitted by the radiation source is 
spectrally filtered for substantially reducing electromagnetic radiation having a wavelength 
shorter than the minimum wavelength. In this way etching of pre-fabricated semiconducting 
nanowires having the desired wire diameter is substantially reduced and preferably 
effectively prevented. In this application the term "light source" is used as a synonym for the 
term "radiation source". The term "light source" is not limited to radiation sources which 
emit visible electromagnetic radiation but may include radiation sources which emit 
electromagnetic radiation invisible to the human eye. 

In an embodiment the pre-fabricated semiconducting nanowires have a 
diameter larger than or equal to the desired wire diameter prior to the step of reducing the 
wire diameter. During the step of reducing the wire diameter the pre-M>ricated nanowires 
having a wire diameter larger than the desired wire diameter are etched until they have the 
desired wire diameter. In this way a set of nanowires is obtained which substantially has the 
same desired wire diameter, which is determined by the shortest wavelength comprised in the 
spectrum. As llie band gap of the nanowires is directly related to the termination of the light 
induced etching, substantially all nanowires of the set have the same band gap, which is 
determiaed by the shortest wavelength comprised in the spectrum. 

The light inducing the etch treatment may be linearly polarized along an axis. 
In general, the absorption of light by a semiconducting nanowire is polarization selective. 
Light polarized parallel to the longitudinal axis of a nanowire is absorbed much more 
efficientiy by the nanowire than light polarized perpendicular to this axis. This difference is 
particularly large when the medium surrounding flie semiconducting nanowire has a 
dielectric constant, which is different from that of the semiconducting nanowire. By using 
linearly polarized light the etching efficiency depends on the orientation of the nanowires: 
nanowires oriented parallel to the axis are etched relatively efficiently whereas nanowires 
oriented perpendicular to the axis are etched relatively inefficiently. Intermediate nanowires 
having an orientation of their longitudinal axis, which is neither parallel nor perpendicular to 
the axis of the polarization, are etched with an intermediate etching efficiency which is a 
function of the angle between the longitudinal axis and the axis of the polarization. In this 
way a set of nanowires having an orientation dependent wire diameter may be obtained. 

The light inducing the etch treatment may comprise a first component linearly 
polarized along a first axis and a second component linearly polarized along a second axis 
forming an angle larger than zero with the fibrst axis. In this way it is possible to etch the 
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nanowires oriented paraUel to the first axis in a different way than the nanowires oriented 
parallel to the second axis. The first axis nmy be perpendicular to the second axis. To this end 
flie spectral properties and/or the intensity of the two components may be adjusted. The first 
component and the second component may be provided simultaneously or sequentially, i.e. 
one after the other. Alternatively, they may be provided partly simultaneously, i.e. for a 
certain time period both components are provide togetiher and another time period one of the 
two components is proved but not the other. 

When the first component has a first spectrum with a first minimum 
wavelength and the second component has a second spectrum with a second minimum 
wavelength different firom the first minimum wavelength, nanowires oriented parallel to the 
first axis are etched to a wire diameter determined by the first niinimum wavelength whereas 
nanowires oriented paraUel to the second axis are etched to a wire diameter determined by 
the second minimum wavelength. It is thus possible to obtain a chemically homogeneous set 
of nanowires, which have different wire diameters, depending on their orientation. In other 
words, a set of nanowires with a homogeneous chemical composition is obtained which has 

an anisotropic band gap. 

Another way to obtain an anisotropic distribution of band gaps in the set of 
nanowires is based on the dependence of the etch rate on the absorption and hence on the 
intensity of the Ught In one embodiment the first component has a first intensity and the 
second component has a second intensity different fi:om the first intensity. As a result an, e.g. 
randomly oriented, set of nanowires is etched orientation dependent The nanowires being 
mainly parallel to the first axis are etched more efiBcientiy than the nanowires being mainly 
parallel to the second axis. In one embodiment the second intensity is substantially zero and 
the nanowires parallel to the second axis mre not etched at all. As a result, a set of nanowires 
with the desired wire diameter may be obtained, all of the nanowires of the set having a 
longitudinal direction parallel to the second axis. 

According to another aspect of the invention the desired wire diameter may 
comprise zero, i.e. at least one pre-fabricated nanowire is effectively removed firom the set of 
pre-fabricated nanowires by etching induced by Ught. The inventors have gained the insight 
that nanowires having a wire diameter smaller than a certain threshold value are no longer 
stable, i.e. they fall apart and are effectively etched away. The threshold value depends in 
general on the chemical composition of the nanowire and may be well below 3 nm such as 
e.g. approximately 1 nm. 
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The instability of the nanowires having a wire diameter below or equal to the 
threshold value may be used to remove a nanowire from the set of pre-fabricated nanowires. 
To this end light comprising a wavelength, which is absorbed by a nanowire having a wire, 
diameter below or equal to the threshold value is used. This light induces etching of the 
nanowire down to a wire diameter at which the nanowire falls apart and thus disappears. 

When the light inducing etching of nanowires having a desired wire diameter 
of zero is linearly polarized, nanowires having their longitudinal axis parallel to the 
polarization of the light may be removed, whereas nanowires having their longitudinal axis 
perpendicular to the polarization direction of the Ught are etched much less efficiently. In this 
way, substantially all nanowires parallel to the polarization direction may be removed. When 
light is applied even longer, substantially all nanowires, which are not substantially 
perpendicular to the polarization direction, are removed and a set of nanowires oriented along 
an axis perpendicular to the polarization direction is obtained. As the remaining nanowires 
have not been etched effidentiy, they may have a substantially unchanged distribution of 
wire diameters. 

The prefabricated nanowires may be distributed on a surface or in a volume 
and the light inducing etching of nanowires having a desired wire diameter of zero may be 
supplied to a part of the surfece or the volume. As a result the nanowires may be removed 
from the illuminated part of the surface or the volume but not from the remainder of the 
surface of the volume. The part to be illuminated may be illuminated by focusing the light on 
that part. Alternatively or in addition the hght may be partly blocked by a mask such as, e.g. a 
lithography mask. 

According to another aspect of the invention the pre-fabricated 
semiconducting nanowires may be supported by a substrate. The pre-fabricated 
semiconducting nanowires may be lying on tiie surface, tiiey may be attached to the surface 
and/or they may be chemically bound to the surfece. As described above, the light induced 
etching treatment is self-terminating due to the quantum confinement of the charge carriers in 
the nanowire. The inventors have gained the insight that this quantum confinement is not 
significantiy disturbed when tiie nanowire is supported by a substrate. This is surprising in so 
far as the vicinity of the substrate in general changes the quantum mechanical energy levels 
available to the charge carriers. However, the inventors observed that this change of the 
quantum mechanical energy levels is relatively smaU and the etching is self terminated at 
substantially tiie same wire diameter. This effect occurs even when the substrate is an 
electrical conductor and the pre-fabricated semiconducting nanowires are electrically 
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conductively connected to the substrate. Such a substrate with nanowires attached to it is a 
very good starting point for the manufacturing of an electric device comprising such a 
nanowire. 

The substrate may have a surface constituted by a part supporting the pre- 
fabricated semiconducting nanowires and another part being free from the part, at least the 
other part being etch resistant. The term etch resistant implies that the light induced etching 
does not or substantially not modify the surface. In this way the surface of the substrate is not 
etched during the etching of the nanowires. It substantially remains in its initial shape. This is 
in particular advantageous when the nanowires supported by tJie substrate are attached to tbe 
substrate because otherwise the nanowires may get detached during the etch treatment which 
may complicate further use of the nanowires in, e.g., an electric device. 

The substrate may be of a homogenous composition which is etch resistant In 
another embodiment, the substrate comprises a first layer, which is not etch resistant, and a 
second layer, which is etch resistant, the second layer constituting the surfece. The 
combination of the jSrst layer and the second layer allows to obtain the desired etch resistant 
surface while other desired properties of the substrate, which may be not provided by the 
second layer alone, may be provided by the first layer. The first layer may be, e.g., 
mechanically rigid whereas the second layer alone, i.e. without the first layer is not 
mechanically rigid. The first layer may be electrically conducting whereas the second layer 
alone is insulating. It is often advantageous if the second layer is connected to the first layer 
by a chemical bond which is etch resistant, i.e. substantially not broken by the etch treatment. 
This assures tiiat tbe first layer is well protected by the second layer during the etch 
treatment, resulting in an intact substrate after the etching. 

It is advantageous if the second layer is concq)osed of one or more materials 
selected from alkyltriethoxysiloxane and alkyltrimethoxysiloxane. These materials may form 
a layer which effectively protects the first layer which may be composed of one or more 
elements selected from silicon, silicon oxide, aluminum oxide, metals such as e.g. Platinum 
or a polymer. The above mentioned materials for the second layer have the advantage that 
relatively thin layers of, e.g. one, monolayer akeady result in an effective protection of the 
first layer. This is in particular advantageous because the nanowire may be partly surrounded 
by the second layer, the surrounded part being protected against etching as well. This results 
in a nanowire which is not etched or less effectively etched at its end supported by the 
substrate. By using a relatively thin second layer, the part of the nanowire which is not etched 
or less effectively etched, is kept small. 
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When the step of providing the pre-fabticated semiconducting nanowires 
comprises the sub-steps of providing the substrate, the substrate being not etch resistant, and 
growing semiconducting nanowires on a surface of the substrate, the grown semiconducting 
nanowires being the pre-fabricated semiconducting nanowires, it is advantageous if the 
surface of the substrate which is exposed after the step of providing the pre-fabricated 
semiconducting nanowires, is covered by an etch resistant layer prior to the step of reducing 
the wire diameter of the at least one pre-fabricated nanowire by etching. In other words, the 
etch resistant layer is provided after growing the nanowires. Growing the nanowires by, e.g., 
VLS growth requires relatively high temperatures. By providing the etch resistant layer after 
the growths of the nanowires, it is assured that the etch resistant layer is not subjected to 
these relatively high temperatures. It is thus possible to use an etch resistant layer composed 
of a material which cannot withstand these temperatures. 

In a number of embodiments, the pre-fabricated semiconducting nanowires are 
distributed over a surface area of the substrate. It is then advantageous to illuminate a part of 
the surface area by a first light intensity while another part of the surface free from the part of 
the surface is irradiated by a second Ught intensity smaller than the first hght intensity. In this 
way relative effective etching of pre-fabricated semiconducting nanowires in the part of the 
surface is induced while pre-fabricated semiconducting nanowires in the other part of the 
surface are etched substantially less efScient because the etching efiSciency scales with the 
light intensity. In this way a substrate may be obtained which has nanowires of the different 
wire diameter in the part and the other part. To this end the illumination may be stopped 
when the wke diameter of the nanowires in the part of the surfece is not changed anymore 
due to self-termination of the etching process. When integrating both parts in a light-emitting 
device, two different colors corresponding to the two different wire diameters may be 
obtained. In one embodiment the second light intensity is substantially zero, i.e. the 
nanowires on the other part of the surface are substantially not etched. 

In another embodiment the pre-fabricated semiconducting nanowires are 
distributed over a surface area of the substrate, a first part of the surface area being irradiated 
by light having a first minimu m wavelength, a second part of the surfece free from the part of 
the surfece being irradiated by light having a second minimum wavelength different from the 
first wavelength. Also in this case a substrate may be obtained which has nanowires of the 
different wire diameter in the part and the other part. When the nanowires are etched until the 
etching is setf-terminated, the wire diameters are determined by the first minimum 
wavelength and the second minimum wavelength, respectively. This has the advantage that 
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the coniiol of the wire diameter is relatively reUable as compared to the embodiment 
desoibed above. 

An electric device according to the invention may comprise a set of 
semiconducting nanowires, liie set comprising a first subset of nanowires each having a first 
wire diameter and a second subset of nanowires each having a second wire diameter different 
from the first wire diam^r, the nanowires of the first subset being attached to a first part of a 
subslrate, liie nanowires of the first subset being attached to a second part of the substrate 
free firom the first part. Such an electric device may be e.g. a light emitting device in which 
light of a different wavelength may be emitted by the nanowires of the first and second 
subset, respectively. The electric device may be an integrated circuit in which the nanowires 
serve as semiconducting elements whose electrical behavior depends on the bandgap and 
hence on the wire diameter. Examples are transistors sudi as metal oxide semiconductor field 
effect transistors (MOSFET) in which the nanowire constitutes fbe semiconducting substrate 
and bipolar Hansistors. The threshold voltage of the MOSFET depends on the band gap of the 
nanowire. Thus transistors with different threshold voltages may be obtained in the same 
electric device. Alternatively or in addition, the semiconducting element may comprise a 
diode. 

The nanowires of the first subset may be electrically connected to a conductor, 
the nanowires of the second subset may be electrically connected to a fijrther conductor 
element which is electrically insulated firom the conductor. In this way the nanowires of the 
first subset may be addressed independently firom those of the second subset by means of 
electrical current. 

The nanowires may comprise a p-doped part and an n-doped part forming a p- 
n junction. This p-n junction may constitute a diode with electrical characteristics dqjending 
on the wire diameter. The electrical device may comprise electiical diodes of different 
characteristics. The diode may serve as a Ught emitting diode. At least one of the n-dqped 
part and the p-doped part may be a direct semiconductor. 

The n-doped part may be electrically connected to a first conductor having a 
first distance to the p-n junction, the p-doped part may be electrically connected to a second 
conductor having a second distance to the p-n junctiion smaller than the first distance. In 
general the conductance of the p-doped part is lower than that of the n-doped part Therefore, 
the electrical current is relatively high when the p-doped part is shorter than the n-doped part 

The n-doped part may have a wire diameter which is larger than the wire 
diameter of the p-doped part. The mobihty of the majority charge carriers in the p-doped part. 
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i.e. of the holes, is lower than lhat of the majority charge carriers in the n-doped part, i.e. of 
the electrons. Therefore, the recombination takes place mainly in the p-dopedpart. The 
wavelength of the Ught emitted when an electron and a hole recombine is determined mainly 
by the wire diameter of the part in which the recombination takes place, i.e. by the wire 
diameter of the p-doped part. The wire diameter of the p-doped part and thus the wavelength 
may be controlled by using the method according to the invention. When the wire diameter of 
the n-doped part is larger than that of the p-doped part^ flie resistance of the n-doped part is 
reduced leading to a higher current flow whereas the wavelengfli of the light emitted is 
mainly determined by the wire diameter of the p-doped part. In this way a Hght emitting 
diode emitting a relatively short wavelength and having a relatively high brightness may be 
obtained. 



These and other aspects of the method of febricating a set of semiconducting 
nanowires according to the invention wiU be further elucidated and described with reference 
to the drawings, in which: 

Figs. 1 A and IB are perspective views of a substrate with attached to it 
prefebricated nanowires prior to the etch treatment and after tiie etch treatment, respectively; 

Fig. 2 is a is a schematic diagram of an apparatus used for executing the 
method according to the invention; 

Figs. 3 A and 3B are top views of a set of prefebricated nanowires prior to the 
etch treatment and after an etch treatment induced by unpolarized light, respectively; 

Figs. 4 A, 4B and 4C are schematic top views of a set of prefebricated 
nanowires prior to the etch treatment, after an etch treatment induced by linearly polarized 
light for a first time period and for a second time period longer than the first time period, 
respectively; 

Figs. 5 A, 5B and 5C are schematic top views of a set of prefebricated 
nanowires prior to the etch treatment, after an etch treatment induced by linearly polarized 
light along a first axis and along a second axis perpendicular to tiie first axis, respectively; 

Fig. 6 is a cross section of a substrate with a surfece having an etch resistant 

part; 

Fig. 7 is a schematic top view of a substrate supporting a set of prefabricated 

nanowires; 
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Figs. 8A and 8B are a schematic top view and a respective schematic cross 
sectional view along line VIII-VIII of Fig. 8 A of an electric device comprising a set of 
prefahricated nanowires at a first stage of the manufacturing process; 

Figs. 9A and 9B are a schematic top view and a respective schematic cross 
5 sectional view along line DC-IX of Fig. 9 A of an electric device comprising a set of 
pre&hricated nanowires at a second stage of the manu&cturing process; 

Figs. lOA and 1 OB are a schematic top view and a respective schematic cross 
sectional view along line X-X of Fig. lOA of an electric device comprising a set of 
pre&bricated nanowires at a third stage of the manufacturing process; 
10 Figs. 1 1 A and 1 IB are a schematic top view and a respective schematic cross 

sectional view along line XI-XI of Fig. 1 1 A of an electric device comprising a set of 
preM»ricated nanowires at a fourth stage of the noianufacturing process; 

Figs. 12A and 12B are a schematic top view and a respective schematic cross 
sectional view along line Xll-Xn of Fig. 12A of an electric device comprising a set of 
15 prefabricated nanowires at a fifth stage of the mano&cturing process; and 

Fig. 13 is a schematic cross section of another electric device. 
The Figures are not drawn to scale. In general, identical components are 
denoted by the same reference numerals. 

20 

In the method of febricating a set of semiconducting nanowires having a 
desired wire diameter according to the invention, first a set of pre-fabricated senodconducting 
nanowires 10 is provided. The nanowires 10 may be obtained in the following way: 

A substrate 20 such as, e.g., a wafer of silicon or of a III-V semiconductor 

25 such as e.g. GaAs which may have a native oxide, or an insulating plate of e.g. aluminum 

oxide or silicon oxide is provided with an equivalent of an, e.g. 4, Angstrom of a metal such 
as Au, Ag, Pt, Cu, Fe, Ni or Co and placed on an insulating substrate holder of e.g. aluminum 
oxide, siUcon oxide, ceramic or graphite at the downstream end of an oven. The substrate 
temperature is measured 1 mm below the substrate by the use of a thermo couple. When the 

30 substrate with the metal film is heated to approximately 500 degree Celsius, nanoparticles are 
formed out of the metal film which nanoparticles may act as a catalyst for the growth of the 
nanowires 10. The thickness of the metal fihn may be between, e.g., 2 and 60 Angstrom. The 
thicker the metal film, the larger is the wire diameter of the nanoparticles. Heating a metal 
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film composed of gold having a thickness of 5 Angstronti at 470 degrees Celsius, nanowires 
with a diameter of 40 nm are obtained. 

A pulsed excimer laser operating at a wavelength of Af=193 nm, 100 mJ per 
pulse and at a repetition rate of 1-10 Hz is focused on a target, which is placed 3-4 cm outside 
an oven at the upstream end of a quartz tube of an oven. The target may be an InP target. 
Alternatively, tiie target may comprise one or more targets selected from e.g. Si, Ge, InAs, 
GaP and GaAs. In general, the material may be any group IV, III-V or II- VI semiconducting 
material. 

The target material is vaporized and transported over the substrate 20. This 
results in the growth of nanowires 10 under the catalysis of the nanoparticles formed out of 
the metal fikn. InP nanowires are grown when the substrate temperature is in the range 450- 
SOO^'C. The higher the temperature, the larger is the wire diameter of the nanowires grown. At 
a temperature above SOO^'C InP nanotubes, i.e. a nanowire with a hollow core, may be 
formed. The pressure during growth is in the range 100-200 mbar and an argon flow between 
100-300 seem is appKed. The length of the nanowires maybe, e.g., 2-10 micron when 15000 
laser pulses are appUed. Shorter and longer nanowires may be obtained with less and more 
laser pulses, respectively. The resulting wire diameter is determined by the tiuckness of the 
metal fikn and by the substrate ternperature during growth. Dopants may be added at a 
concentration of, e.g. 0.001 — 1.0 mol% to obtain n-type and/or p-type InP nanowires. The n- 
type dopants may comprise e.g. S, Se and Te, the p-type dopants may comprise e.g. Zn. The 
dopants may be added to the target illuminated by the excimer laser or they may be provided 
as a gas to the oven, independent fi:om the illumination of the target The resulting level of 
active dopants in the nanowire is 10^^-10^" atoms/cm^. E.g. by shifting the laser beam to 
another target, e.g. selected from one of the targets described above, during the growth 
process, a junction maybe built in the wire, i.e. a p-n junction and/or hetero-junction. 

The pre-fabricated semiconducting nanowires 10 thus obtained are supported 
by the substrate 20, shown in Fig. 1 A. At least one pre-fabricated semiconducting nanowire 
10' has a wire diameter d' larger than the desired wire diameter d. The wire diameter d' may 
be due to clustering of two or more nanoparticles during the growth of the nanowires 10 
and/or due to deposition of a too thick metal film and/or due to a too high temperature during 
the synthesis of the nanowires 10. 

The substrate 20 may be an electrical conductor such as an, e.g. p-doped or n- 
doped, silicon wafer. The pre-fabricated semiconducting nanowires 10 may be electrically 
conductively connected to the substrate 20. To this end the metal film may be deposited on a 
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substrate 20 which does not have a native oxide fihn. When the nanoparticles acting as 
catalyst and the nanowires 10 are fonned in an oxygen-firee atmosphere, the nanowires 10 
may be electrically conductively connected to the substrate 20. 

Subsequently, the wire diameter d' of the at least one prc-febricated nanowire 
10' is reduced by etching. To this end an etch solution is prepared by adding 0. 1-20 vol% HF 
such as e.g. 2.5 voL% and 20-200 g/1 such as 62.5 g/l trioctylphosphideoxide (TOPO) to a 
sample of an alcohol such as e.g. 1-butanol, pentanol, propanol or ethanol. Instead or in 
addition to TOPO teioctylphosphide (TOP) may be used. The total quantity of TOP and 
TOPO may be between 20-200 g/l. A droplet of e.g. 20 pi of Ifae etch solution 21 thus 
obtained is drop-casted onto the substrate 20 with the pre-fibricated nanowires 10. A glass or 
Teflon coated plate 22, shown in Fig. 2, may be placed on top of the droplet to avoid 
evaporation of the solution. The plate 22 may be supported by support structure, not shown, 
to obtain a well defined thickness of the etch droplet 22. 

The nanowires 10 are etched by subjecting the nanowires 10 \duch are in 
contact with the etch solution to light The etching of the nanowires 10 is induced by Ught 
absorbed by them. The spectrum of the light is chosen such that the absorption of the at least 
one pre-fabricated nanowire 10' is significantly reduced when the at least one pre-fabricated 
nanowire 10' reaches the desired wire diameter d. For a desired wire diameter d of 6, 10, 30, 
44 and 60 nm of an InP nanowire the minimum wavelength is approximately 760, 820, 870, 
890 and 905 nm, respectively. The emission of bulk InP is at A,=920 nm. 

This self-termination of the light induced etching is due to the quantum 
confinement which limits the absorption of the Hght below a certain wire diameter as 
described above. The result after this etch treatment shown in Fig. IB is that the pre- 
fabricated nanowire 10' has the desired wire diameter d. 

In an embodiment substantially all the pre-febricated nanowires 10' have a 
diameter d' larger than or equal to the desired wire diameter d prior to the step of reducing 
the wire diameter. To this end the metal fihn used for forming the catalyst nanoparticles may 
be relatively thick such that substantially all pre-febricated nanowires have a wire diameter 
larger than the desired wire diameter. After perfiirniing the etching treatment substantially all 
nanowires have the desired wire diameter d. The terms "substantially all the pr&-febricated 
nanowires" and "substantially all the nanowires" imply that the pre-febrication of the 
nanowires 10' is designed to produce nanowires having a diameter d' larger than the desked 
diameter d. Due to incidental unwanted formation of one or a few smaU nanoparticles out of 
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the metal film one or a few of the nanowires may have a wire diameter d' which is 
accidentally smaller than the desired wire diameter d. 

Fot the light induced etching an apparatus 29 shown schematically in Fig. 2 
may he used. The apparatus comprises a light source 30, which may be, e.g., a HgXe lamp, 
for illuminating the pre-febricated nauowires 10. The light of the Ught source may be 
unpolarized. Large areas of the substrate 20 having the pre-febiicated nanowires 10 may then 
be etched simultaneously. The light source 30 emits the spectrum for inducing the etching. 
When etching MP nanowires and aiming for a desired wire diameter of 10 nm the spectrum 
has a minimum wavelength of 820 mn. The hght source further emits a further wavelength 
between 820 and 254 nm. The light having the further wavelength is able to induce etching of 
the pre-febricated semiconducting nanowires 10 having the desired wire diameter d. To 
largely reduce etching of the nanowires 10 having the desired wire diameter d, the light 
emitted by the light source 30 is spectraUy fQtered by a filter 3 1 for substantiaUy reducing 
light having the fiirther wavelength prior to inducing the etching. A long-pass filter, a band- 
pass filter such as an interference filter and/or a monochromator may be used to substantially 
prevent etdiing of nanowires having the desired wire diameter. Applying an appropriate filter 
the nanowires are size-selectively photo-etched down to the desired wire diameter. The 
etching process typically takes 2-10 hours. Alternatively, a laser may be used as a light 
source 30. The laser beam of the laser may be linearly polarized thus the Ught inducing the 
etch treatment is linearly polarized along an axis. The laser may be a tunable laser such as 
e.g. a diode laser or a Titanixim Sapphire laser. 

The light of the light source 30 may be focused on the substrate 20 having the 
pre-fihricated nanowires 10 by an objective 33. The power density of the light inducing flie 
etching depends on the magnification of the objective used. The magnification may be e.g. 
between 50 and lOOOx. The power density may be between 0.5 and 10 kW/cm^ at a 
wavelength of 457 nm. The polarization vector may be rotated by, e.g., a polarization rhomb. 
The maximum excitation polarization ratio obtamed with an InP nanowire is 0.95. A blue 
shift and/or an intensity increase in the photoluminesceoce is typicaUy observed after photo- 
etching 3-120 minutes. The maximum increase in emissi<Mi intensity obtained is a fector 
1300. 

Prior to subjecting the prefebricated nanowires to the etch solution the 
nanowire may be subjected to an aqueous solution of 20 vol. % of HF which may remove an 
oxide at the outer surfece of the nanowire. Such a treatment may reduce the process time 
required for reducing the wire diameter by tbe Ught induced etch treatmeait 
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During the etching process the nanowire may emit a light signal due to, e.g. 
photo luminescence which is indicative for the wire diameter. The emission intensity as well 
as tiie emission wavelength may he monitored by a monitor unit 35 which may provide a 
signal relating to the intensity of the photoluminescence and'or a signal relating to the 
wavelength of the photo luminescence. The Ught source 30 may be controlled in dependence 
of one or both signals provided by the monitor unit 35. For instance, the Ught source may be 
blocked when the monitor unit 35 provides a signal indicating that the photo luminescence 
has a predefined spectral con^wsition. When usmg the self-termination of the Ught induced 
etching process this aUows for reducing and preferably avoiding unnecessary Ught exposure 
and process time after the nanowires have the desired wire diameter. To this end the monitor 
unit 35 and the Ught source 30 may be connected to a system control unit 36 such as a 
computer. In the embodiment shown in Fig. 2 the U^t detected by the monitor unit 35 is 
collected by the objective 33 and separated from the Ught inducing the etching by a beam 
sputter 37. The beam spUtter 37 may be a dichroic mirror which is reflecting at the 
wavelength of the photo luminescence and transparent at the wavelength of the Ught inducing 
the etching. 

In an embodiment the Ught induced etching is terminated not by the feet fliat 
the Ught is no long«: absorbed due to the quantum confinement. Instead, the etching is 
terminated when the nanowires have a desired wire diameter d at which the Ught inducing the 
etching is stiU absorbed. In order to control the wire diameter d during the etching, the Ught 
emitted by the nanowires 10 is monitored, e.g. by the monitor unit 35, and depending on the 
spectral composition and/or the intensity of the Ught emitted by the nanowires 10 the 
appUcation of the Ught inducing the etching is terminated. To this end the Ught source 30 
may be switched off or may be blocked by a shutter, not shown. 

This method is based on the insight that the Ught emitted by die nanowires 10 
during the Ught induced etching is indicative for tiie wire diameter d of the set of nanowires 
bemg etched. The thinner die nanowires 10 get the more blue shifted is the Ught emitted by 
the nanowires. Thus, by monitoring the wavelength of the Ught emitted by the nanowires 10 
during the etching the time at which the Ught appUcation has to be stopped in order to obtain 

the desired wire diameter may be determined. 

In an embodiment a set of randomly oriented pre-feibricated nanowires 10 is 
provided. This set may be obtained e.g. one of the foUowing ways: The nanowires 10 maybe 
grown on a substrate 20 having a textured surfece, parts of the textured surfece having 
random orientations. This may result in random orientated nanowires 10. Alternatively, the 
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nanowires 10 may be detached from ±e substrate 20 and may be dispersed in a solvent by 
ultrasound or by mechanicaUy wiping the nanowiies 1 0 off. The nanowires 10 may be 
dissolved in a solvent of e.g. any alkane or alkanol C2-C12. The nanowires may be etched 
according to the method of the invention by illuminating a container which comprises the 
5 nanowires in a solution. The container and the solvent are at least partly transparent for the 
light inducing the etching. The container and the solvent may be at least partly tianspaient for 
the Kght signal indicative for the wire diameter. The container may have a waU comprising 
glass or quartz. 

A solution comprising tiie nanowires 10 may be deposited on a substrate 20 by 
10 dropcasting. The nanowires may be at least partly orientated by using flow assembly or 
electric field alignment 

In an embodiment a set of randomly orientated pre-fabricated nanowires 10 
shown schematically in Fig. 3A is provided. At least one of the prefebricated nanowires 1 0' 
has a wire diameter d' larger than the desired wire diameter d. When providing the set, the set 
15 may comprise one or more nanowires 10 having the desired wire diameter d. In an 

embodiment the set of pre-fibricated nanowires provided prior to the etch treatment shown m 
Fig. 3A has a relatively broad distribution of wire diameters. Alternatively, the set of pre- 
febricated nanowires provided prior to the etch treatment may have a relatively narrow 
distribution of wire diameters as shown e.g. in Fig. 4A. The set of pre-febricated nanowires 
20 10 shown m Fig. 3A is treated by a light induced etching using unpolarized light of e.g. a 
HeXe lamp. The spectrum of the light used for inducing the etching has a minimum 
wavelength X which is chosen such that the light induced etchmg treatment is self terminated 
at the desired wire diameter d. Alternatively, light having a wavelength shorter than X may be 
used and the etch process may be terminated when the Hght signal indicative for the wire 
25 diameter indicates that the set of nanowires has the desired wire diameter. The result of the 
etching induced by Kght having the minimum wavelength X chosen such that the Ught 
induced etching treatment is self terminated at the desired wire diameter d is shown 
schematicaUy in Fig. 3B: After the light induced etch treatment the set of nanowiies has a 
relatively narrow distribution of wire diameters. Substantially aU nanowires 10 have the 
30 desired wire diameter d, independent of the orientation of the nanowiies 1 0. 

The light inducing the etching may be linearly polarized, e.g. along an axis 40 
shown schematicaUy between Figs. 4A, and 4B and 4C. hi an embodiment the set of pre- 
fibricated nanowiies 10 provided prior to the etch treatment shown in Fig. 4A has a relatively 
narrow distribution of wire diameters. Alternatively, the set of pre-fabricated nanowires 
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provided prior to the etch treatment may have a relatively broad distribution of wire 
diameters as shown e.g. in Fig. 3A. The set of pre-fabricated nanowires 10 shown in Fig. 4A 
is subjected to a Ught induced etch treatment using linearly polarized Ught which may be 
emitted in this polarization state by a Ught source such as a laser or which may be obtained 
by using a Ught source emitting non-Unearly polarized Ught, e.g. unpolarized Ught, such as a 
HeXe lamp, and a, in this example Unear, polarizer 39. The apparatus 29 may comprise a 
polarizer 39 shown in Fig. 2, even when the Ught source 30 does emit polarized Ught, e.g. 
because the polarization direction of tiie Ught source 30 is dififerent ftom tiiough not 
perpendicular to the desired polarization direction and/or because tiae polarization ratio of the 
Ught source 30 is relatively low. The polarizer 39 may be located between tiie Ught source 30 
and the filter 31, if present, as shown in Fig. 2. Alternatively, the polarizer 39 and the fiUer 
3 1 may be interchanged which may be advantageous, e.g. Muhsa the transmission of the filter 
31 depends on the polarization direction. The polarization direction of the Ught inducing the 
etching may be rotated to obtain the desired polarization along axis 40 by an optical element 
38 shown in Fig. 2 and weU known in the art such as a half-lambda plate or a combination of 

mutuaUy tilted mirrors. 

The absorption of the linearly polarized Ught by the nanowires 10 depends on 
tiieir orientation: nanowires 10 whose longitudinal axis is paraUel to the axis 40 along which 
tiie Ught is polarized, absorb the Ught relatively effectively whereas nanowires 10 whose 
longitudinal axis is perpendicular to the axis 40 absorb tiie Ught relatively ineffectively. The 
etching efficiency depends on tiie absorption of tiie Ught. The more photons are absorbed the 
more effective is tiie etdiing. Therefore, tiie etching induced by Unearly polarized Ught is 
anisoti:opic, i.e. nanowires 10 witii tiieir longitoidinal axis parallel to the axis 40 are etched 
relatively efficientiy whereas nanowires 10 whose longitudinal axis is perpendicular to the 

axis 40 are etched relatively ineffectively. 

Afker the U^t induced etch treatment those nanowires 10a whose longitudinal 
axis is parallel to the axis 40 have tiie desired wire diameter d, whereas tiiose nanowires 10b 
whose longitudinal axis is perpendicular to tiie axis 40 are etched substantiaUy less efficient, 
i.e. after tiie etch treatment they have a wire diameter db which is substantiaUy the same as 
prior to the etch treatinent, see Fig. 4B. For nanowoes whose longitudinal axis is neither 
paraUel nor perpendicular to the axis 40, exemplary indicated by reference numerals 10c and 
lOd, the absorption efficiency is between tiiese two extremes. In general flie absorption 
efficiency scales witii a trigonometric function of tiie angle between the longitiidinal axis of 
tiie nanowire 10 and tiie axis 40. As a result tiie wire diameter of fliese nanowires wifli tiie 
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intennediate position is reduced during the etching, cf. the initial wire diameters dc' and dd' 
versus the wire diameters dc and dd in Fig. 4B. The reduction in the wire diameter depends 
on the orientation of the longitudinal axis with respect to the axis 40. The light induced 
etching may he stopped when the nanowires 10a parallel to the axis 40 have the desired wire 
diameter d. The time instant when to stop the etch treatnient may be determined by 
monitoring a light signal indicative for the wire diameter. When this light signal comprises a 
component indicative for the desired wire diameter the etch treatment may be stopped. 

After the light induced etch treatment the set of nanowires 10 shown 
schematically in Fig. 4B has a relatively broad distribution of wire diameters whereas prior to 
the light induced etch treatment the set of nanowires 10 shown schematically in Fig. 4A had a 
relatively small distribution of wire diameters. The wire diameter of the nanowires 10 
depends on the orientation of the nanowires 10. 

The spectrum of the linearly polarized ligjxt used for inducing the etdiing may 
have a minimum wavelength X which is chosen such that the light induced etehing tr^tment 
is self terminated at the desired wire diameter d. Alternatively, light having a wavelength 
shorter than X may be used and the eteh process may be terminated when the light signal 
indicative for the wire diameter indicates that at least some of the set of nanowires have the 
desired wire diameter d. 

When light inducing the etch treatment has a minimum wavelength X chosen 
such that the Ught induced etching treatment is self terminated at the desired wire diameter d, 
the light induced eteh treatment may be continued when reaching the state schematically 
depicted in Fig. 4B. Since the nanowuiBS 10a parallel to the axis 40 have the desired wire 
diameter d, th^ do not absorb the light inducing the etching relatively effectively anymore. 
As a result they are etehed substantially less efficient. Effectively they may be not etohed at 
all. Since ttie nanowires 10b perpendicular to the axis 40 do not absorb the Ught inducing the 
etehing relatively effectively either, they are etehed substantiaUy less efficient as well. 
Effectively they may be not etehed at all. The nanowires 10c, lOd that have an intermediate 
orientation are etohed relatively efficiendy until they reach the desired wire diameter d at 
which the absorption of the light inducmg the etehing and thus the efficiency of the etehing 
are largely reduced. The set of nanowires thus obtained is depicted schematically in Fig. 4C. 

In addition to the linearly polari2ed light described above and also referred to 
as the first component, the set of randomly oriented pre-fabricated nanowfres may be 
illuminated by a second component of light inducmg an eteh treatment. The second 
component may be linearly polarized along a second axis peqjendicular to the first axis, e.g. 
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paraUel to the longitudiiial axis of nauowire 10b shown in Figs. 4A-4C. This second 
component may induce relatively effectively etching of nanowires 10b which were etched 
relatively ineffectively with the first component The first component may have a first 
spectrum with a first minimum wavelength A,i and the second component may have a second 
spectrum with a second minimum wavelength different from the first minimum 
wavelength ^^i. The first minimum wavelength A,, and the second minimum wavelength A,2 
may correspond to an energy of, e.g. 1 .6 and 2.0 eV, respectively. The nanowires parallel to 
the second axis having a band gap smaller than, in this example, 2.0 eV absorb the second 
component and are thus etched unttt they have a band gap o^ in this exan^le, 2.0 eV. In this 
way nanowires perpendicular to the axis 40 may be etched effectively as weU to a desired 
wire diameter which may be different fix)m flie desired wire diameter d detemiined by the 

first minimnm wavelength Xi. 

The first component and the second con^onent may be applied 
simultaneously, sequentiaUy or partly simultaneously and partly sequentiaUy. 

When the second mmimum wavelength Xz is different from the first minimum 
wavelength Xu tone may start with nanowires having a wire diameter which exceeds the 

largest desired wire diameter. 

The first component may have a first intensity and the second component may 
have a second intensity different from the first intensity. Because the efBciency of the etch 
treatment depends on the amount of Ught absorbed by the nanowires being etehed and 
because for polarized U^t this amount depends on the orientation of the nanowire, nanowires 
may be etehed anisotropically, i.e. depending on their orientation. This may be achieved 
when flie second minimum wavelength X2 is different from the first minimum wavelength Xi, 

but also when they are equal. 

The method according to tiie invention may be used to remove one or more 
nanowires from the set of pre-febricated nanowires. In this case the desired wire diameter of 
the respective nanowires comprises zero. To this end light with photons of an energy of 
approximately 2.4 eV or more may be used for IriP. The Ught inducing etching of nanowires 
having a desired wire diameter of zero may be linearly polarized. 

The set of pre-fabricated nanowires provided prior to the etoh treatment shown 
in Fig. 5A comprises nanowires lOh which are substantially horizontal, nanowires lOv which 
are substantially vertical, and nanowires lOi which are intermediate, i.e. neither substantially 
horizontal nor substantially vertical When such a set is illuminated by Ught with a relatively 
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short wavelettgfli sudi that the Ught is absorhed by the naaowires until they are falling apart, 
nanowiies n^y be lemoved firom the set 

In the example of Figs. 5A and 5B the Ught is linearly polaiized along the axis 
40, i.e. it is vertically polarized. In Ihis case the nanowires lOv substantially paraUel to tiie 
axis 40 absorb the Hght relatively efifectively and may be removed from the set whereas the 
nanowires lOh substantiaUy perpendicular to the axis 40 absorb the Ught relatively 
ineffectively. As a consequence they are not removed from the set Whether or not nanowires 
lOi which are intemxediate. i.e. neither substantiaUy horizontal nor substantiaUy vertical, are 
removed from the set depends on flie time duration of flie Ulumination. When the 
iUumination is terminated directiy after removing the last substantiaUy vertical nanowire lOv, 
tiie nanowires lOi may remain. When flie iUumination is continued, they may be removed as ' 
weU. The longer tiie iUumination is continued m this case, the better defined is the orientation 
of the remaining nanowires lOh. 

hi the example of Figs. 5A and 5C tiie Ught is linearly polarized along tiie axis 
41 which is perpendicular to axis 40. i.e. it is horizontaUy polarized. In tiiis case tiie 
nanowires lOh substantiaUy paraUel to tiie axis 41 absorb tiie Ught relatively effectively and 
may be removed from tiie set whereas tiie nanowires lOv substantiaUy perpendicular to tiie 
axis 41 absorb tiie Ught relatively ineffectively. As a consequence fliey are not removed from 
tiie set Wheflier or not nanowires lOi which are intermediate, i.e. neitiier substantiaUy 
horizontal nor substantiaUy vertical, are removed from flie set depends on tiie time duration 
of tiie iUumination. When tiie fllumination is termmated directiy after removmg tiie last 
substantiaUy vertical nanowire 1 Oh, tiie nanowires lOi may remain. When tiie Ulumination is 
continued, tiiey may be removed as weU. The longer tiie Ulumination is continued in tiiis 
case, the better defined is the orientation of the remaining nanowires lOv. 

When tiie pre-fabricated nanowfres 10 are supported by a substrate 20, during 
tiie etch treatment tiie substrate 20 may have a surface 23 constitiited by a part 23a supporting 
tiie pre-fabricated semiconducting nanowires 10 and anotiier part 23b being free from tiie part 
23a, at least tiie otiier part 23b. The substrate 20 may be homogeneous and entirely consist of 
a material which is etch resistant, such as e.g. Teflon. The substeate 20 may comprise a first 
layer 24 whidi is not etch resistant such as an e.g. native oxide layer on a sUicon wafer, and a 
second layer 25 which is etch resistant, tiie second layra- 25, shown in Fig. 6, constituting tiie 
otiier part 23b of tiie surfece 23. The second layer 25 may be connected to tiie first layer 24 
by chemical bonds which results in a relatively stirong interconnection between tiiese two 
layers and consequentiy in a relatively efficient protection of tiie first layer 24. The second 
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layer 25 may be composed of one or more materials selected from alkyltriethoxysiloxane and 
alkyltrimethoxysiloxane such as e.g. aminopropyltrietoxysiloxane (APTES). The alkyl may 
be propyl (C3), butyl (C4), pentyl (C5) up to C12. The amino-group maybe replaced by a 

mercapto- or carboxyl-group. 

In one embodiment a substrate 20 having a non-etch resistant surface 
constituted by layer 24 such as a siUcon wafer with an, e.g. native, oxide is provided with a 
metal film to create nanoparticles which serve as catalyst for tiie nanowire growth described 
above. After the growih of ttie nanowires 10 the suifece 23 of the substrate 20 having the 
nanowires is provided with the second layer 25 which is APTES. The substrate supporting 
the prefabricated nanowires is immersed in a solution of 0.5 % APTES in ethanol for 10 
minutes. The second layer 25 selectively binds, i.e. it binds wilh the oxide constituting the 
first layer 24 and not with the nanowires 10 which may be composed of InP or any other 
semiconductor except for siUcon. The resulting structure is shown in Fig. 6. 

In this embodiment the step of providing the pre-febricated semiconducting 
nanowires comprises the sub-steps of providing the substrate 20 which may have a first layer 
24. At least a part of the substrate 20 is not etch resistant. The semiconducting nanowires 10 
are grown on a suri^e 23a of the substrate 20. The semiconducting nanowires thus grown 
are the pre-febricated semiconducting nanowires 10. After tiie step of providing the pre- 
febricated semiconducting nanowires 10 and prior to the step of reducing the wire diameter 
of the at least one pre-febricated nanowire 10 by etehing as described e.g. above, the part 23b 
of surfece 23 of the substiate 20 is covered by an eteh resistant layer 25. 

In another embodiment a substrate 20 is formed by providing a siUcon wafer 
with a native oxide as first layer 24. Then the first layer 24 is proved with the second layer 25 
which maybe composed of APTES. Subsequently, the pre-febricated nanowires 10 are 
provided by drop casting a Uquid solution con^sing the nanowires 10 as described above. 

When the pr©-febricated nanowires 10 are siq>ported by and distributed over a 
surface 23 of the substrate 20, a first part 1 8 of the surfece may be irradiated by Ught for 
inducing tiae eteh treatment whereas a second part 19 of the surfece firee firom the first part 18 
is not being irradiated. In this way the nanowires in the second 19 part are not etohed whereas 
those in the first part 18 are etohed. As a result the nanowires in the first part 18 of the 
surfece 23 have the desired wire diameter after the eteh treatment whereas those in the 
second part 19 still have their initial wire diameter. The nanowires 10 in the first part 1 8 may 
be removed by etching induced by light 
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In an embodiment the first part 18 of the surfece 23 is irradiated by a first Ught 
intensity and tiie second part 19 is irradiated by a second light intensity smaUer than the first 
light intensity. As a result the nanowires in the first part 18 are etched more efficiently than 
those in the second part 19. When flie Ught induced etching treatment is stopped, e.g. by 
blocking the hght source 30, before the etching of the nanowires in the second part 19 is self 
temiinated, the nanowires 10 in the first part 18 have acquired a smaller wire diameter than 
those in the second part 19. 

The etching of the nanowires in the first part 18 may be self terminated or it 
may be stopped prior to reaching the wire diameter at which tbe etching is self traminated. In 
the latter case the hght source 30 may be blocked in dependence of the Ught signal indicative 
for the wire diameter. 

The first part 18 and the second part 19, which may not be irradiated or which 
may be irradiated with the second intensity, may be defined by a mask. The mask may be a 
separate part of the apparatus 29. The mask may be integrated in filter 3 1 and/or in plate 22. 
When part 19 is not irradiated, the mask blocks the Ught directed to the second part 19. When 
part 19 is irradiated with the second intensity smaUer than the first intensity, the mask partty 
blocks the Ught directed to tbe second part 19. The mask may be etch resistant and may be 
provided directly to the second part 19 prior to providing the etch solution. Instead of a mask 
the Ught may be provided as an, e.g. focused, Ught spot which is scanned over the surface 23. 
The scan speed may be modified to change the effective intensity, i.e. areas where the scan 
speed is relatively low are etched relatively efSciently whereas areas where the scan speed is 
relatively high are etched relatively inefficiently. Alternatively or in addition, the Ught may 
be modulated in intensity and or minimum wavelength during the scanning as function of the 
position. To this end the apparatus may comprise a scan unit which is controUed by the 
system control unit. 

Li an embodiment the first part 18 of the surface 23 may be irradiated by Ught 
having a first minimum wavelength, the second part 19 ftee from the first part 18 of the 
surfece 23 may be kradiated by Ught having a second minimum wavelength different from 
the first minimum wavelength. Jn this way the nanowires in the first part 18 and in the second 
part 19 may be etched to different desired wire diameters which are determined by the first 
minimum wavelength and the second minimum wavelength, respectively. 

When irradiating the first part 18 and the second part 19 with Ught having 
different mimraum wavelength, the first part 18 and the second part 19 may be irradiated 
sequentiaUy. A mask may be used to block the Ught directed to the first part 18 and the 
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second part 19, when etehing the second part 19 and the first part 18. respectively. The mask 
may he similar to &e mask descrihed above used for irradiating the first part 18 while not 
irradiating the second part 19. Alternatively, a patterned filter 3 1 may be used which has a 
first area for transmitting Ught having the first minimum wavelength and a second area for 
transmitting Ught having the second minimum wavelengfli. The first area and tiie second area 
being designed such that they transmit the Ught to the first part 18 and the second part 19, 
respectively. 

The metiiod of maraifecturing a set of nanowires according to the invention 
may be used in a mefliod of manufecturing an electiic device 100. The electric device 100 
may comprise a set of nanowires 10 having a desired wire diameter. The electric device 100 
may comprise nanowires 10 which are each electricaUy connected to a first conductor 110 
and to a second conductor 120 which may be electricaUy insulated firom the first conductor 

110. 

The electric device 100 may comprise a set of nanowires 10, the set 
comprising a first subset of nanowires 10a each having a first wire diameter da and a second 
subset of nanowires 10b each having a second wire diameter db different fixjm the first wire 
diameter da. The nanowires 10a of the first subset may be attached to a first part of the 
substrate 20, which in the example of Figs. 8A-12B is constituted by tiie first conductor 1 10a. 
The nanowires 10b of flie second subset may be attached to a second part of the substrate 20, 
which in ttie example of Figs. 8A-12B is constituted by the first conductor 1 10b and which is 

firee &am the first part. 

The nanowires 10a of the Gxst sdbset may be electricaUy connected to a 

conductor, which in the example of Figs. 8A-12B is constituted by the first conductor 1 1 Oa. 
The nanowires 10b of the second subset may be electricaUy connected to a further conductor, 
which in the example of Figs. 8A-12B is constituted by tiie first conductor 1 10b and which 
may be electricaUy insulated firom the farther conductor. 

The method comprises the steps of febricating the set of semiconducting 
nanowires 10 having the desired wire diameter according t» an embodiment of the method 
described above, and electricaUy contacting the nanowires 10 of the set to a first conductor 
1 10 and to a second conductor 120. Successive steps of the method are depicted in Figs. 8A- 
12B. 

In a first step a substarate 20, which may be a siUcon wafer, is provided with 
isolation zones 102 which may be shallow trench insulation (STI) regions shown in Fig. 8A 
and 8B and with a first conductor 1 10 for electricaUy contacting the nanowires 10 to be 
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formed later on. The first electrical conductor 1 10 may be formed by doping regions of <he 
substrate outside flie STI regions. Alternatively or in addition, a conductor may be deposited 
for forming the first conductor 1 1 0. The substrate 20 may be an insulator such as a quartz 
substrate. In this case the isolation zones 102 are not required. In the embodiment of Figs. 
8A-12B three parallel, mutuaUy insulated first conductors 1 10 are provided. However, the 
invention is not limited to three mutually insulated first conductors 1 10. Alternatively, the 
first conductor 1 10 may be electrically conductively be connected to all nanowkes lo'ofthe 
set, or it may comprise N mutually insulated electricaUy conductors where N is an integer 
larger than one. Here and in tbe remainder of the plication the temi '^mutually electricaUy 
insulated" implies that the conductors are not directly electricaUy connected. It does not 
exclude that the conductors are electricaUy connected indirectly, i.e. via one or more 
additional elements such as e.g. the nanowires 10 and/or the second conductors 120. The 
substrate 20 may be traufsparent to visible U^aL 

Onto the first conductors 1 10 nanoparticles 1 1 1 composed of a metal such as 
e.g. gold may be provided which may act as catalysts for growing the nanowires 10 as 
described e.g. above. The nanowires 10 are grown at the position of the respective 
nanoparticles 111. The wire diameter d' of at least one of the prefabricated nanowires 10' 
thus obtained, shown in Kgs. 9A and 9B, may be larger tiian the desired wire diameter d. To 
reduce flie wire diameter d' of those nanowires 10' whose wire diameter is larger than the 
desired wire diameter d, the nanowires are subjected to a Ught induced eteh treatment 
according to the mvention. After growing the nanowires 10' and prior to providing the 
etehing solution, the pre-fabricated electric device 100 may be provided with an eteh resistant 
layer such as e.g. APTES to protect the STI regions if present and/or the substrate. 

For inducing the eteh treatinent of the nanowires 10a attached to the first 
conductor 1 1 Oa shown in Figs . 1 OA and 1 OB Ught having a first minimum wavelength may 
be used resulting in a desired wire diameter da. During this eteh treatment of the nanovmes 
10a attached to flie first conductor 1 10a, etehing of the nanowires lOb and lOc attached to the 
first conductor 1 10b and 1 10c, respectively, may be prevented, e.g. by using a mask. 
Subsequentiy, the nanowires 10c attached to the first conductor 1 10c shown in Figs. lOA and 
lOB may be etehed by Ught induced etehing using Ught having a second minimum 
wavelength resulting in a desked wire diameter dc. Daring this eteh treatinent of the 
nanowires 10c attached to the first conductor 1 10c, etehing of the nanowires 10a and lOb 
attached to flie first conductor 1 10a and 1 10b, respectively, may be prevented, e.g. by using a 
mask. If required, the nanowires 10b attached to tiie first conductor 1 10b may be etehed as 
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weU to obtain a desired wire diameter db. The etching of the nanowires 10a, 10b, if relevant, 
and 10c may be self terminating or may be terminated ia dependence of a light signal 

indicative of the wire diameter. 

In this method a set of nanowires 10a, 10b, 10c is obtained which consists of a 
three subsets of nanowires, each subset having a wire diameter which is different from the 
wire diameter of Ihe nanowires of the other two subsets. Each subset is connected to a 
particular first conductor 110a, 110b, UOc. 

Subsequently, the pre-fabricated electric device 100 shown in Figs. lOA and 
lOB may be provided witii a, preferably transparent, dielectric layer 130 such as e.g. a spin 
on glass (SOG), shown in Figs. 1 1 A and 1 IB. The upper surface of the pre-febricated electric 
device 100 thus obtained may be provided with a second conductor 120 for electricaUy 
contacting the upper end portion of the nanowires 10. 

The upper end portion of the nanowires 10a, 10b, 10c maybe electrically 
connected to second conductors 120a, 120b, 120c shown in Figs. 12A and 12B, which are 
mutuaUy electricaUy insulated. The first conductors 1 10a, 1 10b and 1 10c and the second 
conductors 120a, 120b and 120c are mutually perpendicular and form, in this example, a 
three by three array. M the embodiment of Figs. 8A-12B one nanoparticle 1 1 1 and thus one 
nanowire 10 is provided at each intersection area defined by the first conductors 1 10 and the 
second conductors 120 which define an, in this example rectangular three by three, array. The 
invention is not limited to an array of this shape or size. The invention is not limited to just 
one nanoparticle 1 1 1 and one nanowire 10 per intersection area. Instead some or aU 
intersection areas may have more than one nanoparticle 1 1 1 and one nanowire 10. 

The second conductor 120a, 120b, 120c may be at least parfly transparent to 
visible light. They may be composed e.g. of indium tin oxide (ITO). The first conductor 1 10 
and/or tihe second conductor 120 may be composed of zinc or a zinc alloy. 

The nanowires 10a, 10b, 10c may each comprise a p-dopedpart lOp and a n- 
doped part lOp forming a p-n- junction, shown in Fig. 13. When sending an electrical current 
firom the first conductor 1 10 through the nanowire 10 to the second conductor 120, electrons 
and holes are injected from the respective n-doped part 10 n and p-doped part lOp. When 
these charge carriers recombine, light is emitted. The Ught is emitted mainly in the p-doped 
part lOp close to the p-n junction due to the higher mobiUty of the electrons as compared to 
the holes. 

hi the electric device 100 shown in Figs. 12A and 12B, the nanowkes 10a, 10b 
and 10c may each comprise a p-n junction. The wavelength of the Ught emitted by the above 
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described recombination of the holes and electrons depends on the bandgap and hence on the 
wire diameter at the location of the recombination. In the embodiment of Figs. 12A and 12B 
the nanowires 10a, 10b and 10c may have different wire diameters da, db and dc. as a 
consequence they may emit hght of dif3ferent wavelength. The nanowires may be composed 
5 of IhP with the n-dopedpart IQn being doped by e.g. S, Se and/or Te, and tiie p-dopedpart 
lOp being doped by e.g. Zn or Cd. The concentration of tiie dopants may be e.g. between 
10"-10^"cm-^ 

The p-n jxmction may serve as a selection device, i.e. a pixel of the array 
fiirmed by the first conductors 1 10 and the second conductors 120 may be selected by biasing 
10 the respective first conductor 1 10 and tiie second conductor 120. The nanowire lObb located 
at tiie intersection of first conductor 1 lOb and tiie second conductor 120b may be selected by 
biasing tiiese two conductors. At tiie intersection more flian one nanowire lObb may be 
located and selected. 

Alternatively, tiie electrical device 100 may coniprise an array of selection 
15 devices such as tiansistors which may be tiiin fihn ti:ansistors and which may be integrated in 
tiie substrate. The selection devices may be addressed by a grid of selection lines for selecting 
subsets of the nanowires 10. 

In tiie embodiment shown in Fig. 13 the n-doped part lOn is electiically 
connected to tiie first conductor 1 10 having a first distance hi to tiie p-n junction. The p- 
20 doped part lOp is electiically connected to flie second conductor 120 having a second 

distance Ip to tiie p-n junction which is smaller flian tiie first distance ha. The n-dopedpart 
lOn has a wire diameter dn which is larger tiian a wire diameter dp of tiie p-dopedpart lOp. 

Due to tiie presence of the p-n junction tiie electron-hole pairs generated by tiie 
absorption of tiie Ught inducing the etching are separated such that the electrons flow to flie 
25 n-dqpedpart lOn and the holes flow to tiie p-dopedpart lOp. The holes are mainly 

responsible for tiie Ught induced etching. The higher hole concentiation in tiie p-doped part 
lOp results in a more efficient etching and thus in a relatively small wire diameter dp. As a 
result, flie nanowire may have two regions, tiie n-doped part 1 On and tiie p-dopedpart lOp, 
having differeut diameters dn and d^, respectively. The n-doped region may have a diameter 
30 which may be similar to tiie wire diameter prior to etching. The wire diameter dp of tiie p- 
doped part lOp may be predetermined by tiie minimum wavelengtii of tiie light used for 
inducing tiie etching. The light signal mdicative for tiie wire diameter may be observed when 
etching nanowires 1 0 having a n-doped part 1 On and a p-doped part 1 Op. The Ught emitted 
due to recombination of electrons and holes in flie p-doped part lOp is indicative for tiie wire 
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diameter dp of this part. Once the Ught signal indicates that the desired wire diameter dp is 
reached, the Ught inducing the etching may he hlocked to prevent any fiirttier etching of the 
n-doped part which may result in an unwanted further reduction of the wire diameter dn of 
the n-doped part lOn. 

5 It should he noted that the ahove-mentioned embodiments iUustrate rather than 

limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of ftie appended claims. In the claims, any 
reference signs placed hetween parentheses shall not he construed as limiting the claim. The 
word "comprising" does not exclude the presence of other elements or steps than those listed 

10 in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 

plurality of such elements. 

The method of febricating a set of semiconducting nanowires 10 having a 

desired wire diameter d comprises the steps of providing a set of pre-febricated 
semiconducting nanowires 10% at least one pre-febricated semiconducting nanowire having a 

15 wire diameter d' larger than the desired wire diameter d, and reducing the wire diameter of 
the at least one pre-fabricated nanowire 10' by etching, the etching being induced by Ught 
which is absorbed by the at least one pre-fabricated nanowire 10% a spectrum of the Ught 
being chosen such that the absorption of the at least one pre-febricated nanowire being 
significantty reduced when the at least one pre-fabricated nanowire reaches the desired wire 

20 diameter d. 

The electric device 100 may comprise a set of nanowires 10 having the desired 
wire diameter d. The apparatus 29 may be used to execute tiie metiiod according to the 
invention. 
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CLAIMS: 



1 A method of febricating a set of semiconducting nanowires (10) having a 

desired wire diameter (d), the method comprising the steps of: 

providing a set of pre-fabricated semiconducting nanowires (1 0'), at least one 
pre-febricated semiconducting nanowire having a wire diameter (d') larger than the desired 

5 wire diameter (d), and 

reducing the wire diameter of liie at least one pre-febricated nanowire (10') by 
etching, the etching being induced by eleclromagnetic radiation which is absorbed by the at 
least one pre-fabricated nanowire (10'), a minimum wavelengfli of Ihe electromagnetic 
radiation being chosen such ttiat the absorption of the at least one pre-febricated nanowire 

10 being significantly reduced when the at least one pr&-febricated nanowire reaches the desired 
wire diameter (d). 

2. A method as claimed in claim 1, wherein: 

a radiation source (30) is used which emits the electromagnetic radiation 
15 inducing the etching and electromagnetic radiation having a wavelength shorter than the 

mitiimnm wavelengtti, and 

the electromagnetic radiation emitted by the radiation source (30) is spectrally 
filtered for substantially reducing electromagnetic radiation having a wavelength shorter than 
the Tr'^'™"'"Tm wavelength. 

20 

3. A method as claimed in claim 1, wherein prior to the step of reducing the wire 
diameter substantially aU the pre-febricated semiconducting nanowires have a diameter (d') 
larger than or equal to the desired wire diameter (d). 

25 4. A method as claimed in daim 1, wherein the Ught inducing tiie eteh treatinent 

is linearly polarized along an axis (40). 

5. A method as claimed in claim 1, wherein the Ught inducing the eteh treatinent 

has a first conqionent being linearly polarized along a first axis (40) and a second conqjonent 
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being linearly polarized along a second axis (41) forming an angle larger than zero with the 
first axis (40). 

6. A method as claimed in claim 5, the first component has a first spectrum with 
a first minimum wavelength and the second component has a second spectrum with a second 
mfnimnm wavelength different firom the first miniTniir»i wavelength. 

7. A method as claimed in claim 5, wherein the first conqjonent has a first 
intensity and the second component has a second intensity different fiom the first intensity. 

8. A method as claimed in claim 1 , wherein the desired wire diameter (d) 
comprises zero. 

^' A method as claimed in claim 8, wherein the Ught inducing etching of 

; nanowires having a desired wire diameter of zero is linearly polarized. 

10. A method as claimed in claim 1, wherein the pre-fabricated semiconducting 
nanowires (10) are supported by a substrate (20). 

11. A method as claimed in claim 10, wherein the substrate (20) comprises an 
electrical conductor (1 10), the pre-febricated semiconducting nanowires (10) being 
electrically conductively connected to the electrical conductor (110). 

12. A method as claimed in claim 10, wherein the substrate (20) has a surface (23) 
constituted by a part (23a) supporting the pre-fabricated semiconducting nanowires (10) and 
another part (23b) being firee firom the part (23a), at least the other part (23b) being etoh 
resistant. 



13. A method as claimed in claim 12, wherein the substrate (20) comprises a first 
layer (24) which is not etch resistant, and a second layer (25) which is eteh resistant, the 
second layer (25) constituting the other part of the sur&ce (20). 

14. A method as claimed in claim 13, wherein the second layer (25) is connected 
to the first layer (24) by a diemic^ bond. 
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15 . A method as claimed in claim 13, wherein the second layer (25) is composed 
of one or more materials selected from alkyltriethoxysiloxane and alkyltrimettioxysiloxane. 

16. A method as claimed in claim 10, wherein the step of providing the pre- 
fibricated semiconducting nanowires (10') comprises the following sub-steps: 

providing the substrate (20), a surfece of the substrate being etchable, and 
growing semiconducting nanowires (10') on the surface of the substrate, the 
grown semiconducting nanowires being the pre-febricated semiconducting nanowires, 

and afker the step of providing the pre-febricated semiconducting nanowires 
and prior to the step of reducing the wire diameter of the at least one pre-febricated nanowire 
by etching the exposed surfece of the substrate is covered by an etch resistant layer (25). 

17. A method as claimed in claim 10, wherein the pre-febricated semiconducting 
nanowires (10) are distributed over the surfece (23), a first part (18) of the surfece being 
irradiated by Ught for inducing the etch treatment, pre-febricated semiconducting nanowires 
(10) in a second part (19) of the surface being prevented from etching. 

18. A method as claimed in claim 10, wherein the pre-fabricated semiconducting 
nanowires (10) are distributed over the surface, a first part (18) of the surface area being 
irmdiated by a first Ught intensity, a second part (19) of the surface free from the first part 
(18) of the surfece being irradiated by a second Ught intensity smaller than the first Ught 
intensity. 

19. A method as claimed in claim 10, wherein the pre-febricated semiconducting 
nanowires (10) are distiSbuted over the surfece, a first part (18) of the surface being irradiated 
by Ught having a first minimum wavelength, a second part (19) of the surfece being irradiated 
by Ught having a second minimum wavelength different from the first minimum wavelength. 

20. A method of manufecturing an electric device (100) con^rising a set of 
nanowires (10) having a desired wire diametra- (d), each nanowire (10) of the set being 
electricaUy connected to a first conductor (1 10) and to a second conductor (120), the method 
comprising the steps of: 



PHNL031430EPP 



33 22.12.2003 
fabricating the set of semiconducting nanowires having the desired wire 
diameter according to tiie method of any of the Claims 1 to 19, and 

electrically contacting the nanowires of the set to a first conductor (1 10) and to 
a second conductor (120). 

^' Select"*' device (100) comprising a set of semiconducting nanowires (10), 

^e set comprising a first subset (10a) of nanowires each having a first wire diameter (da) and 
a second subset of nanowires (10b) each having a second wire diameter (db) different from 
the first wire diameter (da), the nanowires (10a) of the first subset being attached to a first 
part of a substrate (1 10a), the nanowires (10b) of tiie second subset being attached to a 
second part (1 10b) of the substrate &ee from tiie first part (1 10b). 

22. An electiic device (100) as claimed in Claim 21, wherein flie nanowires (10a) 
of tiie first subset are electricaUy connected to a conductor (1 10a), the nanowires (10b) of flie 
second subset are electiically connected to a fiirther conductor (1 10b), tiie conductor (1 10a) 
being electrically insulated firom the fiirther conductor (1 10b). 

23. An electric device (100) as claimed in Claim 21, wherein the nanowires (10) 
comprises a p-doped part (lOp) and a n-dqped part: (lOn) forming a p-n junction. 

24. An electric device (100) as claimed m Claim 23, wherein tiie n-doped part 
(lOn) is electiically connected to a first conductor (1 10) having a first distance (hi) to tiie p-n 
junction, tiie p-doped part (lOp) is electiically connected to a second conductor (120) having 
a second distance (Ip) to the p-n junction smaller tiian flie first distance (hi). 

25. An electric device as claimed in Claim 23 or 24, wherein tiie n-doped part 
(lOn) has a wire diameter (dn) which is larger tiian a wire diameter (<^) of flie p-doped part 
(lOp). 

26. An apparatus (29) for Ught induced etchmg of nanowires (10), comprising: 

a light source (30) for emitting light inducing tiie etching of flie nanowires (10) 

and 
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a monitor unit (35) for monitoring a Ught signal emitted by the nanowires (10) 
daring the etching, the Ught signal being indicative for the wire diameter of the nanowires 
(10). 

27. An apparatus (29) as claimed in Claim 26, further comprising a system control 
unit 36 for controlling Ihe light source (30) in dependence of the Ught signal monitored by the 
monitor unit (35). 

28. An apparatus (29) as claimed in Claim 26, fiirther comprising a polarizer (39) 
for polarizing the Ught inducing the etching. 



29. An apparatus (29) as claimed in Claim 26, ftirther conq)rismg an optical 

element (38) for rotating a polarization of the Ught inducing the etching. 
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ABSTRACT: 



The method of fabricating a set of semiconducting nanowiies (10) having a 
desired wire diameter (d) comprises the steps of providing a set of pro-fabricated 

semicondjicting nanowires (10'), at least one pre-febricated semiconducting nanowire having 
a wire diameter (d') larger than the desired wire diameter (d), and reducing the wire diameter 
of the at least one pre-febricated nanowire (10') by etching, the etchmg being induced by 
Ught which is absoAed by the at least oue pre-febricated nanowire (10'), a spectrum of the 
Ught being chosen such that the absorption of the at least one prenfabricated nanowire being 
significantly reduced when the at least one pre-febricated nanowire reaches the desired wire 
diameter (d). 

The electric device (100) may comprise a set of nanowires (10) havmg the 
desired wire diameter (d). The apparatus (29) may be used to execute the melhod according 
to the invention. 
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